I assess whether the results of child achievement tests affect maternal employment and the child-care choices of mothers with prekindergarten children. To test this hypothesis, I first incorporate into Bernal and Keane's (2010) model the mother's imperfect knowledge of the child's cognitive ability endowment and possible mechanisms through which the mother may learn the child's endowment. Then, I use a quasi-structural approach to form approximations to the mother's employment and child-care decision rules and jointly estimate them with the child cognitive development production function and wage equation. Using a sample of single mothers from the NLSY79, I find evidence that maternal employment and child-care decisions are sensitive to past achievement scores. In particular, a mother whose child has taken the Peabody Picture Vocabulary Test before entering kindergarten and whose child's standardized test score is above a certain threshold intends to use child care more and work more part-time hours immediately after observing the child's performance on the achievement test. 1 Correspondence to: Zafar E. Nazarov (znazarov@rand.org). This research was produced under NICHD grant T32-HD007329. 2 All errors are mine.
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INTRODUCTION
In the literature, the effect of maternal input choices and children's cognitive development has been widely explored using a variety of estimation strategies, such as OLS with extended controls (Baydar and Brooks-Gunn, 1991; Vandell and Ramanan, 1992; Parcel and Menaghan, 1990; Blau, 1999; Han et al., 2001; Ruhm, 2004; Duncan, 2003) , fixed-effect estimators (James-Burdumy, 2005; Blau, 1999) , instrumental variables (Blau and Grossberg, 1992; Blau, 1999; James-Burdumy, 2005) , and, finally, more structured approaches (Bernal, 2008; Bernal and Keane, 2010) . However, the literature lacks studies that explore reverse causality between maternal input choices and children's cognitive development. In other words, not enough attention in the literature has been paid to the question of whether a mother engages in any compensatory behavior after observing the performance of her child on an achievement test. This study tries to fill this gap in the literature.
In the real world, the reverse causality issue between maternal input choices and child cognitive development may arise if the mother does not perfectly observe her child's cognitive ability endowment in the first couple of years of the child's life. A potential signal that the mother uses to update her belief about the child's true endowment level is the child's performance on achievement tests in later ages. If the mother's understanding of the child's cognitive ability endowment via achievement tests is the true mechanism, then the data should provide ample support that poor or good performance on the achievement test leads to immediate changes in input choices. The latter would suggest that the mother is involved in compensatory behavior. Otherwise, if the learning is not a part of the decision-making process, then results on the achievement test do not provide any valuable information to the mother, and she stays unresponsive to the child's test scores.
To test whether a mother is involved in any compensatory behavior after observing her child's performance on achievement tests, I first incorporate asymmetric information and learning into Bernal and Keane's (2010) model. The theoretical model allows establishing direct relationships between maternal input choices (employment and child care) and past cognitive development outcomes. The latter is measured by the child's performance on the Peabody Picture Vocabulary Test (PPVT). In a similar fashion as Bernal and Keane (2010) , instead of estimating the full structural model, I
utilize a quasi-structural approach by forming approximations to the mother's employment and child-care decision rules and jointly estimating them with the child's cognitive development function and the mother's wage equation. I estimate this mixed discrete-continuous model with endogenous variables in each equation using the simulated maximum likelihood technique.
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Using a sample of single mothers from the NLSY79, 4 I find ample evidence that maternal employment and child-care decisions are sensitive to past achievement scores.
In particular, a mother whose child has taken the PPVT before entering kindergarten and whose child's standardized test score is above a certain threshold intends to use child care more and work more part-time hours immediately after observing her child's good performance on the achievement test. This implies that mothers counteract children's positive results on the test by spending less time with their children and increasing working hours.
This paper is structured as follows. The next section extends the theoretical model of Bernal and Keane (2010) , Section 3 derives the empirical specification of the test and discusses the method of estimation, and Section 4 discusses the data. The main empirical results are discussed in Section 5, and Section 6 offers conclusions.
THEORETICAL MODEL
In the model, a single woman makes sequential choices about work and child care in each period. In this context, a period is one quarter. Similar to Bernal and Keane (2010) , I allow for three employment options (part-time, full-time, and not working), two welfare participation options (participating and not participating), and two child-care options (informal child care, including parental child care, and formal child care).
Welfare participation implies a single mother's choice to receive cash assistance to finance any formal child care from the Temporary Assistance for Needy Families (TANF) program. The eligibility criteria for TANF cash assistance differ by state s and time t, which helps identify the effect of child care and employment on the child's cognitive development, as in Bernal and Keane (2010) . Thus, the choice set is given by (2)
The current-period utility function, given the choice of option j, similar to Bernal and Keane (2010) is 
where is the per-hour wage rate; B is the amount of cash assistance received from the TANF, which is a function of the woman's labor income and non-labor income ( ), the TANF experience ( ), measured in months and time-and state-specific welfare rules ( ); cc is the child-care cost, which is a function of labor and non-labor income, the TANF experience, and time-and state-specific CCDF rules (
Besides the above budget constraint, the mother is also constrained by other two functions: wage equation and the child's cognitive ability production function. The mother's wage at period t is a function of observed and unobserved characteristics:
rnal and Ke
Be ane (2010) specify that the mother gets utility from the child's ability in the form of The child's cognitive ability production function is given by
where is the initial level of child's cognitive ability and 0 A s P is the unobserved heterogeneity in the child's endowment of mental capacity which positively correlates with w P :
t Tˆ is the cumulative input of maternal time through period t:
it T is maternal time spent with the child in period t, T is the total available time, and is the total child-care time in period t. , and after simple algebraic rearrangements, the child cognitive production function is given by
(10)
The final version of the cognitive development production function can be written in the following way: 
So far, I have closely followed Bernal and Keane's (2010) 
The probability that the child has a high endowment of mental capacity can be computed using Bayes' rule:
where is the experience history and is the test score history. 
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Finally, applying the total probability law to Equation 14, the probability that the child has a high endowment of mental capacity is
The vector of observed endogenous state variables at the beginning of t has seven elements:
There are also a number of state variables that evolve exogenously, such as the child's cognitive endowment of mental capacity, gender, birth weight, mother's endowment of skills, age, education, race, AFQT score, state-specific welfare policy rules, child-care subsidy parameters, and local labor market conditions. In the next section, I derive quasi-structural approximations of employment and child-care decision rules, the child cognitive production function, and the wage equation implied by this structural model. According to theory, the decision rules for employment and child care
should be functions of all the state variables. In that case, the only difference from Bernal and Keane's (2010) empirical model would be the inclusion of the lagged test score in both the employment and child-care equations. The statistical significance of the lagged test score parameter in both equations would suggest the existence of the reverse causality issue. Otherwise, the empirical model will be exactly the same as in the case of perfect information.
EMPIRICAL MODEL
Using the above structural model, I derive the approximation of the employment decision rule, which has the following multinomial specification:
where j is equal to 1 if the mother works part-time, 2 if she works full-time, and 0 if she does not work in period t. The employment and child-care decisions are not only functions of the lagged test score, but also they depend on whether the child took the test in the previous period. In Section 4, I discuss the main rationale behind the inclusion of the lagged test indicator in the empirical specification. 
The contribution of individual i to the likelihood function is
To solve the above multidimensional integral, I use a simulation-based technique.
First, I take five draws (the number of draws corresponds to the number of equations in the model) from a standard normal density using a random number generator. Then, I
multiply the vector of these standard normal draws by the Cholesky decomposition of the covariance matrix in Equation 21. The result of the multiplication is a vector of draws from a normal density with variance P 6 . Then, I use the vector of draws to compute the likelihood contribution of individual i. I repeat the previous steps 50 times and average the individual's likelihood contribution. The log-likelihood function is a sum of the logs of all individuals' averaged likelihood contributions:
I use the BFGS method to optimize the above log-likelihood function using an object-oriented matrix programming language, Ox. Finally, I compute standard errors using the White-Huber estimator.
where In this study, I use the log of standardized scores of the Peabody Picture Vocabulary Test (PPVT) as the dependent variable in the child cognitive development production function. To most accurately determine the effect of test scores on maternal employment and child-care decisions, the PPVT must be administered within the first 20 quarters of the child's life. After the child enters kindergarten, roughly at age 5, the mother's choice problem changes fundamentally, and child care is no longer relevant (Bernal and Keane, 2010) . Within the targeted age range, I observe PPVT test scores only for 878 children in the sample. For the rest of the children (586), PPVT scores are also observable; however, the age of these children at the time the PPVT was administered is outside of the targeted age range. Though Bernal and Keane (2010) In 1986 In , and 1994 , the survey's first "PPVT-eligible age" was 36 months and above; in the rest of the surveys, the first "PPVT-eligible age" was 48-60 months. The eligibility of children for the PPVT in the NLSY is based on children's "PPVT age" measured in months, which can be slightly different from their calendar ages. In creating a PPVT month-ofage variable, a child's age is rounded up to the next month if the child is more than 15 days through a given month as of the survey date. For example, two children who were born in the same year could be given the PPVT at different ages due to disparities in the months when the children were assessed (in most cases, the survey month and the assessment month coincide) or the months in which the children were born. Therefore, all NLSY children naturally are selected into two groups by age based on when the PPVT was taken for first time. The first group includes children who took the PPVT for the first time before entering kindergarten. The second group includes children who were first assessed on cognitive development after entering kindergarten. Therefore, I include in the approximations of the employment and child-care decision rules both the lagged log of the standardized PPVT score and the lagged indicator of whether a child has taken the PPVT at the previous period. This allows me to compare how maternal employment and child-care decisions are affected by the PPVT across the two groups and within the first group.
The assessment itself consists of 175 vocabulary items of generally increasing difficulty. During the test, a child is shown four pictures from which he or she chooses the one that best describes a particular word's meaning. The mother, in most cases, is in the same room, so she can observe her child's performance on the test. When the child correctly identifies eight consecutive items, the "basal" score is established. Further, if the child incorrectly identifies six of eight consecutive items, the "ceiling" score is established. A child's raw score is determined by adding the number of correct responses between the basal and ceiling to the basal score. The NLSY sample has been normalized against a national population with a mean of 100 and standard deviation of 15. Table 1 demonstrates that the average child in the sample scores roughly 80 points, which is well below the national average.
In a dynamic model, the important source of identification is the sufficient transition rate of agents across states (employment and child care). Table 2a demonstrates that there is considerable transition among those who worked part-time in period t to fulltime employment in period t+1 (32.55 percent) and to non-employment (25.32 percent).
However, there is significant persistence among the non-employed (89.45 percent) and moderate persistence among full-timers (77.47 percent). Not surprisingly, as soon as a child is in formal child care, the likelihood of changing the state is very small-only 6.54 percent (Table 2b) . Similarly, in the case of parental care, the likelihood of changing the state is also not substantial (10.96 percent). Finally, the important feature of Table 2c is that the data confirm the restriction of the theoretical model in which the set of options that allow a single mother to work and at the same time not use any formal child care are excluded. A small fraction of single mothers worked part-time and used parental child care in period t; however, in next period, all of them transitioned to the non-employment state.
RESULTS
In this section, results from difference-in-difference and quasi-structural approaches are presented and discussed.
Difference-in-difference approach
First, I demonstrate some evidence that mothers' employment and child-care decisions are affected by test results using a difference-in-difference approach. This approach is based on information about mothers' employment and child-care decisions before and after the test at age a. As the control group, I use mothers whose children did not take the achievement test at age a, and the treatment group comprises mothers whose children took the test. I use only information about maternal inputs at age a-1 "before"
and a "after," so each mother has only two observations in the regression, where d is an indicator of "after," T is an indicator of treatment group, and S is a normalized test score:
(27) Table 3 shows the results of the difference-in-difference analysis. It is important to note that I break down the sample of mother-child pairs into four subsamples by child age (13-14, 15-16, 17-18, and 19-20 quarters) . For example, the first subsample includes only the mother-child pairs in which the child took the test at age 13-14 quarters and did not take the test at the same age. Similarly, every other subsample comprises the mother-child pairs in which the child took the test and did not take it at a given age. The mother-child pairs in which the child took the test in earlier ages are excluded from the subsequent subsamples. I perform the difference-in-difference analysis separately for each subsample.
For this analysis, I choose the four most interesting outcomes. Among them, three outcomes are measured discretely (e.g., whether the mother worked at all, worked fulltime, or used child care) and one outcome is measured continuously (e.g., weekly
working hours) Furthermore, I estimate a variety of specifications of the above regression equation. The first specification is a baseline specification exactly as in Equation 27.
Then, in the next specification, I add welfare characteristics, assuming that they may correlate with the test score. It should be noted that I use exactly the same welfare characteristics in the quasi-structural model for the purpose of identification (theoretical exclusion restrictions). In the third specification, I add the set of variables that control for labor-market conditions, such as the state unemployment rate, the state average wage at the 20th percentile, and the state employment rate in services. Finally, in the last specification, in addition to the previously discussed factors, I include the set of variables that control for maternal and child characteristics. Table 3 provides substantial evidence that mothers may be involved in compensatory behavior after observing the child's test score. I only discuss the estimates in the last four rows of Table 3 because I believe that this specification includes almost all variables suggested by the theoretical model. The signs of the estimates suggest that a high test score is associated with a higher probability of working at all, working full-time hours, and using child-care. In addition, the signs of the estimates also suggest that the high test score is associated with longer working hours.
Note that evidence provided by the difference-in-difference approach is substantial, but it is weak. The main reason is that this approach does not account for selection into employment and child care by unobserved factors, such as the child's cognitive ability endowment and the mother's taste for investment of goods. For example, the mother of the child with high endowment of cognitive ability may work more than the mother of a less-endowed child. Therefore, the quasi-structural approach, which in the employment and child-care equations accounts for more complicated relationships between the test score, the child's endowment, and the mother's taste for investment in goods, should provide stronger evidence of whether mothers engage in any compensatory behaviors.
Quasi-structural approach
I have already explained that there would be evidence of reverse causality between maternal inputs and a child's cognitive development if the set of parameters Combining all these facts from my empirical model, I can articulate that, first, mothers who had not worked before the test started gradually entering the labor force and working part-time hours after receiving a positive signal about the child's cognitive ability endowment. Second, it is likely that a significant fraction of the above mothers started using formal child care after the test. Third, some mothers who used formal child care before the achievement test started working part-time after receiving the positive signal.
A number of common patterns can be observed in the part-time and full-time employment and child-care equations. In particular, maternal employment and child-care use increases with the mother's education and AFQT score. After controlling for unobserved heterogeneity, I could not find any evidence that mothers of black children worked more or used more child care. There is also no evidence that mothers of boys tended to work more or use more child care than mothers of girls. Finally, I could not find any evidence that the child's birth weight significantly affected the mother's employment or child-care decisions.
I do not discuss any findings regarding the child cognitive development production function and wage equation here, because the estimates from these equations do not provide any additional support or opposition to the main objective of this study.
Furthermore, I do not discuss the estimates of unobserved heterogeneity or the transitory error covariance-variance matrices. However, for those who might be interested in those estimates, I report them separately in the appendix.
CONCLUSION
Using a sample of single mothers from the NLSY79, I find evidence that maternal employment and child-care decisions are sensitive to past achievement test results. In particular, a mother whose child has taken the PPVT before entering kindergarten and whose child's standardized test score is above 56 points tends to increase her use of child care. Furthermore, she tends to work more part-time hours immediately after the test if the standardize test score is above 70 points. These findings imply that mothers counteract children's good results on the test by spending less time with their children and further increasing their working hours.
The results of the empirical test of reverse causality between maternal inputs and child cognitive ability unravel the important issue of what a mother knows about her child's cognitive ability endowment and when she learns about it. Eventually, performance on an achievement test may serve as a good signal for the mother in terms of her child's cognitive ability endowment. The more quickly she draws the correct expectation about the child's cognitive ability endowment, the sooner she can find more effective ways to accommodate her child based on his or her unobserved innate ability.
This study implicitly proposes that a universal achievement test among prekindergarten children may positively affect child cognitive development through improved maternal input choices. Note: The dependent variable is 0 for parental care and 1 for formal care. The "without heterogeneity" specification is estimated in STATA using the "mlogit" command. The "with heterogeneity" specification allows for unobserved heterogeneity to be normally distributed across employment and child-care decisions, the cognitive development production function, and the wage equation. Note: The dependent variable is 0 for not working, 1 for working part-time, and 2 for working full-time. The "without heterogeneity" specification is estimated in STATA using the "mlogit" command. The "with heterogeneity" specification allows unobserved heterogeneity to be normally distributed across employment and child-care decisions, the cognitive development production function, and the wage equation. Note: The dependent variable is 0 for not working, 1 for working part-time, and 2 for working full-time. The "without heterogeneity" specification is estimated in STATA using the "mlogit" command. The "with heterogeneity" specification allows unobserved heterogeneity to be normally distributed across employment and child-care decisions, the cognitive development production function, and the wage equation. 
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